This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



This Page Blank (uspto) 



(19) 



J 




(12) 



(43) Date of publication: 

03.04.1996 Bulletin 1996/14 

(21) Application number: 95115163,3 

(22) Date of filing: 26.09,1 995 



Europaiscftes Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 704 848 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI 5 : G11C7/00 



(84) 


Designated Contracting States: 


(72) Inventor: Koshikawa, Yasuji, 




DE FR GB 


c/o NEC Corporation 


(30) 




Tokyo (JP) 


Priority: 28.09.1994 JP 232732/94 


(74) Representative: Giawe, Delfs, Moll & Partner 


(71) 


Applicant: NEC CORPORATION 


Patentanwdlte 




Tokyo (JP) 


Postfacn 26 01 62 
D-30058 Munchen (DE) 



CM 
< 
00 

oo 
o 
o 

CL 



(54) Semiconductor pipeline memory device eliminating time loss due to difference between 
pipeline stages from data access 



(57) A semiconductor pipeline memory device has a 
controller (1 6) for producing first, second and third timing 
clock signals (PH1/PH2/PH3) for transferring a column 
address and a read-out data bit through first, second and 
third pipeline stages (15e/l5d; 15f/15g/17g/17h; 
17t/17b) to an input-and-output pin (DQ), and long time 
interval between two of the first, second and third timing 



dock signals and short time interval between another 
two of the first, second and third timing clock signals are 
respectively assigned to one of the first to third pipeline 
stages with relatively long signal path and another of the 
first to third pipeline stages with relatively short signal 
path, thereby decreasing undesirable time loss. 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to a semiconductor pipeline memory device and, more particularly, to a semiconductor pipeline 
memory device eliminating time loss due to a difference in signal propagation paths between psceiine stages. 

DESCRIPTION OF THE RELATED ART 

w The semiconductor memory device usually assists a microprocessor, and provides a data storage for it. The micro- 
processor has enhanced the calculation speed, and, accordingly, the semiconductor memory device is expected to 
increase the access speed. However, the process technologies presently available and a large semiconductor chip for 
an ultra large scale integration set limit on the access speed, and the semiconductor memory device can not satisfy a 
system designer. 

is One of the approaches for the speed-up is a pipeline structure, and several semiconductor pipeline memory devices 
have been proposed. Japanese Patent Publication of Unexamined Application Nos. 61-148692 and 6-76566 disclose 
typical examples of the semiconductor pipeline memory device. 

Figure 1 illustrates a typical example of the semiconductor pipeline memory device fabricated on a semiconductor 
chip 1 . The prior art semiconductor pipeline memory device comprises a memory cell array 2 implemented by a plurality 

20 of addressable memory cells and sense amplifier circuits connected through bit line pairs 4 to the memory cell array 2. 
The bit line pairs 4 are selectively connected to the addressable memory cells, and propagate read-out data bits and 
write-in data bits between the sense amplifier circuits 3 and the memory cell array 2. 

The prior art semiconductor pipeline memory device further comprises an addressing system 5 for selecting the 
addressable memory cells. Although the addressing system includes a row addressing sub-system and a pipeline column 

2S addressing sub-system, only the pipe line column addressing sub-system is illustrated and described hereinbelow. 

The pipeline column addressing sub-system includes address input circuits 5a for producing column address data 
signals CL1 from an external column address signal ADD, a column address decoder 5b for decoding the column address 
data signals CL1 into column address decoded signals CL2 and two sets of latch circuits 5c and 5d respectively asso- 
ciated with the address input circuits 5a and the column address decoder 5b. The set of tatch circuits 5c are responsive 

30 to a timing clock signal PH1 for storing the column address data signals CL1 . The other set of latch circuits 5d are also 
responsive to the timing clock signal PHI, and store the column address decoded signal CL2. The column address 
decoded signals CL2 specifies one of the sense amplifier circuits 3 and, accordingly, a read-out data bit and a write-in 
data bit propagated to the selected sense amplifier circuit. 

The prior art semiconductor pipeline memory device further comprises a controller 6 and a pipeline read-out/write- 

35 in system for propagating read-out data bits and write-in data bits from and to the sense amplifier circuits 3. The controller 
6 includes a clock input circuit 6a, and the clock input circuit 6a produces the timing clock signal PHI from a system 
clock CLK. The timing clock signal PH1 rises in response to the leading edge of the system dock CLK, and the timing 
clock signal PH1 has a predetermined pulse width. Though not shown in figure 1, the controller 6 further includes a 
read-write controlling circuit, and the read-write controlling circuit is responsive to a read/wnte enable signal for changing 

40 the pipeline read-out/write-in system between a read-out phase and a write-in phase. 

The pipeline read-out/write-in system includes a data input circuit 7a and a data output circuit 7b coupled in parallel 
to an input-and-output data pin DQ. An input data signal Sin indicative of a write-in data bit is supplied from the outside 
to the data input circuit 7a, and is temporarily stored in the data input circuit 7a. The data input circuit 7a produces a 
write-in data bit from the input data signal Sin, and is supplied to a selected sense amplifier circuit 3. On the other hand, 

45 a read-out data bit is supplied from a selected sense amplifier circuit 3 to the data output circuit 7b, and is temporally 
stored in the data output circuit 7b. The data output circuit 7b produces an output data signal Sout from the read-out 
data bit, and the output data signal Sout is supplied through the input-and-output data pin DQ to the outside. 

The pipeline read-out/write-in system 7 further includes a write buffer 7c for the write-in data bit. a read buffer circuit 
76 for the read-out data bit and a data amplifier circuit 7e coupled through a data bus 7f to the write buffer circuit 7c, 

so Two latch circuits 7g and 7h are associated with the data input circuit 7a, and are coupled in series between the data 
input circuit 7a and the data bus 7f. On the other hand, one latch circuit 7i is coupled between the data amplifier circuit 
7e and the data output circuit 7b. The latch circuits 7g, 7h and 7i are responsive to the timing clock signal PHI, and 
temporality store the write-in data bit and the read-out data bit. The data input circuit 7a. the latch circuits 7g and 7h. 
the data bus 7f and the write buffer circuit 7c constitute a write-in data propagation path for the write-in data bit, and the 

55 read buffer circuit 7d, the data bus 7f, the data amplifier circuit 7e. the latch circuit 7i and the data output circuit 7b form 
a read-out data propagation path. Thus, the data bus 7f is shared between the write-in data propagation path and the 
read-out data propagation path, and the write-in data propagation path and the read-out data propagation path are 
selectively enabled by the read-write controlling circuit (not shown) of the controller 6. 
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The address input circuits 5a produce the column address data signals CL1 indicative of the column address A2, \ 
and the column address data signals CL1 are latched by the latch circuits 5c in response to the timing clock signal PH1 (6). 

The data input circuit 7a produces the write-in data bit WDi (2), and the latch circuit 7g latches the write-in data bit 
WD1(2) in response to the timing dock signal PH1(6). The latch circuit 7g supplies the write-in data bit WD2(2) to the 
s next stage 7h. However, the timing dock signal PH1(7) has been already recovered, and the latch drcuit 7h does not 
store the write-in data bit WD2(2) . 

The system clock CLK(7) causes the dock input circuit 6a to raise the timing clock signal PHI (7) at time t7. The 
latch circuits 5d latches the column address decoded signals CL2 in response to the timing dock signal PHI (7), and 
the column address decoded signals CL2 selects another sense amplifier circuit associated with the addressable mem- 
w ory cell assigned the column address A2. 

The latch drcuit 7h is also responsive to the timing dock signal PW(7), and latches the write-in data bit WD2(2). 
The latch circuit 7h supplies the write-in data bit WD3(2) through the data bus 7f to the write buffer circuit 7c, and the 
write buffer circuit 7c supplies the write-in data bit WD4{2) to the selected sense amplifier drcuit 3. The sense amplifier 
circuit 3 amplifies the write-in data bit WD4{2). and the write-in data bit WD(2) is written into the addressable memory 
75 ceil assigned the column address A2. 

Thus, the write-in data bits are sequentially written into the seleded addressable memory cells through the pipeline 
column addressing and the pipeline data transmission. 

TTie column addressing sub-system is assumed to consume time tl for transferring the column address between 
the latch circuits 5c and 5d. The transfer operation from the address latch in the latch circuits 5d to the read-out data 
20 latch in the latch circuits 7i is assumed to consume time t2. The data transfer from the latch circuit T\ to the input-output 
data pin DQ is assumed to consume time t3. The time interval t3 is the access time of the prior art semiconductor pipeline 
memory device, and either time tl or t2 longer than the other is the cycle time. The latch circuit 7i is usually located to 
be close to the input-and-output data pin DQ, and, for this reason, the access time t3 is shorter than the cyde time tl or t2. 

The latch circuits 5d are located closer to the address port AP than the sense amplifier circuits 3, and, accordingly, 
25 the time 12 is usually longer than the time t1 . The address access time T is expressed by equation 1 . 

Tst2x2 + t3 Equation 1 

The address access time T is longer than the total time (t1 + 12 + 13 ). and time loss TL takes place as follows. 

30 

TL»(t2x2 + fi)-(t1 +t2 + t3)»t2-t1 Equation2 

Thus, the time t2 is longer than the time tl due to the location of the latch drcuits 5d closer to the address port AP than 
the sense amplifier drcuits 3, and the undesirable time loss TL takes place. The time loss TL is determined by the 
35 pipeline configuration, and is hardly decreased through the simulation and the evaluation of an actual product. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present invention to provide a semiconductor pipeline memory device which 
40 decreases the time loss. 

To accomplish the object, the present invention proposes to assign a long data propagation to a time interval over 
two pipeline cycles. 

In accordance with the present invention, there is provided a semiconductor pipeline memory device comprising: a 
plurality of addressable memory ceils for storing data bits, respectively; a plurality of data propagation paths selectively 

45 coupled to the plurality of addressable memory cells; an addressing system responsive to an external address signal 
supplied to an address port so as to make the plurality of addressable memory ceils selectively accessible; a data 
propagation system coupled between the plurality of data propagation paths and a data port; and a pipeline controlling 
system causing the addressing system and the data propagation system to trace a pipeline sequence from an address 
input to a data supply, and producing at least a first timing dock signal changed to a first active level in each of pipeline 

so cycles, a second timing clock signal changed to a second active level after the first timing clock signal in each of the 
pipeline cycles and a third timing clock signal changed to a third active level between the first timing dock signal and 
the second timing clock signal in each of the pipeline cycles, the pipeline sequence induding a first pipeline stage dose 
to the address port and having first temporary storage means responsive to the first timing dock signal so as to achieve 
a first task in a first time interval between the first timing dock signal in each of the pipeline cycles and the second timing 

55 clock signal in the same pipeline cycle, a second pipeline stage contiguous to the first pipeline stage and having second 
temporary storage means responsive to the second and third timing clock signals so as to achieve a second task in a 
second time interval between the second timing dock signal in each of the pipeline cycles and the third timing clock 
signal in the next pipeline cycle, and a third pipeline stage contiguous to the second pipeline stage and having third 



EP0 704 848 A2 



temporary storage means responsive to the first timing dock signal so as to achieve a third task in a third time interval 
between the third timing clock signal in each of the pipeline cycles and thefirst timing clock signal in the next pipeline cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The features and advantages of the semiconductor pipeline memory device according to the present invention will 
be more clearly understood from the following description taken in conjunction with the accompanying drawings in which: 

Fig. i is a block diagram showing the arrangement of the prior art semiconductor pipeline memory device; 
jo Fig. 2 is a timing chart showing the read-out operation of the prior art semiconductor pipeline memory device; 
Fig. 3 is a timing chart showing the write-in operation of the prior art semiconductor pipeline memory device; 
Fig. 4 is a block diagram showing the arrangement of a semiconductor pipeline memory device according to the 
present invention; 

Fig. 5 is a diagram showing the circuit arrangement of a delay circuit incorporated in the semiconductor pipeline 
is memory device; 

Fig. 6 is a timing chart showing a pipeline read-out operation of the semiconductor pipeline memory device; 
Fig. 7 is a timing chart showing a pipeline write-in operation of the semiconductor pipeline memory device; 
Fig, 8 is a block diagram showing the arrangement of another semiconductor pipeline memory device according to 
the present invention; 

20 Fig. 9 is a circuit diagram showing the arrangement of a delay circuit incorporated in the semiconductor pipeline 
memory device shown in figure 8; and 

Fig, 10 is a timing chart showing a pipeline read-out operation of the semiconductor pipeline memory device shown 
in figure 8. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First .Embodiment 

Referring first to figure 4 of the drawings, a semiconductor pipeline memory device embodying the present invention 
30 is fabricated on a semiconductor chip 1 1 , and iargeiy comprises a memory cell array 12, a sense amplifier circuits 13, 
an addressing system 14, a controller 16 and a pipeline read-write system 17. The semiconductor pipeline memory 
device is changed between a write-in phase and a read-out phase, and data bits are sequentially written into and read 
out from the memory cell array 12 in a pipeline fashion. 

A plurality of memory ceils form in combination the memory cell array 12, and small bubbles stand for the plurality 
35 of memory cells. The plurality of memory cells are arranged in rows and columns as shown. Word lines WL1 to WLm 
are respectively coupled to the rows of memory cells, and are selectively energized so as to select a row of memory 
cells. Bit line pairs BL1 , BL2 to BLn are respectively coupled to the columns of memory ceils, and data bits are propagated 
to and from the selected row of memory cells. 

The sense amplifier circuits 1 3 are respectively coupled to the bit line pairs BL1 , BL2, - and BLn, and amplify the 
40 data bits on the bit line pairs BL1 to BLn. 

The addressing system 1 4 includes a row addressing sub-system 1 5a for selectively energizing the word lines WL1 
to WLm and a column addressing sub-system 15b. The row addressing sub-system 15a is responsive to row address 
data signals RW produced from a external multi-bit row address signal so as to energize one of the word lines WL1 to 
WLm. 

45 The column addressing sub-system 15b includes address input circuits 15c for producing column address data 
signals CL1 from an external multi-bit column address signal ADD, a pipeline column address decoder 1 5d for decoding 
the column address data signals CL1 into column address decoded signals CL2 and two sets of latch circuits I5e and 
15f respectively associated with the address input circuits 15c and the column address decoder 15d. The set of latch 
circuits 15e are responsive to a first timing clock signal PH1 for storing the column address data signals CL1 . On the 

so other hand, the other set of latch circuits I5f are responsive to a second timing clock signal PH2, and store the column 
address decoded signal CL2. The second timing clock signal PH2 is produced from the first timing clock signal PH1 as 
will be described hereinlater. 

The pipeline column addressing sub-system 15b further includes a column selector 15g coupled to the bit line pairs 
BL1 to BLn, and column address decoded signals CL2 cause the column selector I5g to propagate a data bit on one 
55 of the bit line pairs 8L1 to BLn therethrough. For this reason, a data bit is transferred from the selected bit line to the 
read-write system 1 7 in the read-out phase and from the read-write system 1 7 to the selected bit line in the write-in phase. 

The controller 16 includes a clock input circuit 16a coupled to a clock input pin CP and a delay circuit 16b coupled 
to the clock input circuit 16a, and the clock input circuit 16a produces the first timing clock signal PH1 from a system 
clock CLK. As shown in figure 5, the delay circuit 16b is implemented by two delay elements 16c and 16d coupled in 
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parallel. The delay element 16c introduces first time delay into the first timing clock signal PHI so as to produce the ^ 
second timing clock signal PH2, and the other delay element I6d also introduces second time delay different from the 
first time delay into the first timing clock signal PHI so as to produce the third timing clock signal PH3. The time delays 
are determined in such a manner as to take the signal propagation length of each pipeline stage. In this instance, the 
5 second time deiay is longer than the first time delay, because the read buffer circuit 1 7g is closer to the column selector 
15g than the latch circuits 15f. In this way, the delay circuit 16b produces the second timing clock signal PH2 and the 
third timing clock signal PH3 from the first timing clock signal PH1. The first time deiay and the second time delay are 
regulable by changing wirings of the delay elements 16c and I6d, and the wiring step is carried out after diffusions in a 
fabrication process sequence. 

w The first timing clock signal PH1 rises in response to the leading edge of the system clock CLK. The first timing 
clock signal PHI has a predetermined pulse width, and, accordingly, the second and third timing clock signals PH2 and 
PH3 also have the predetermined pulse width. Though not shown in figure 1 , the controller 16 further includes a read- 
write controlling circuit, and the read-write controlling circuit is responsive to a read/write enable signal for changing the 
pipeline read-write system 1 7 between the read-out phase and the write-in phase. 

is The pipeline read-write system 1 7 includes a data input circuit 1 7a and a data output circuit 1 7b coupled in parallel 
to an input-and-output data pin DQ. The data input circuit 1 7a forms a part of a pipeline write-in data propagation path, 
and the output circuit 17b is incorporated in a pipeline read-out data propagation path. 

An input data signal Sin indicative of a write-in data bit is supplied from the outside to the data input circuit 1 7a, and 
is temporarily stored in the data input circuit 17a. The data input circuit 17a produces a write-in data bit WDt from the 

so input data signal Sin, and the write-in data bit is transferred through the pipeline write-in data propagation path to the 
column selector 15g. On the other hand, a read-out data bit RD1 is supplied from the column selector 15g through the 
pipeline read-out data propagation path to the data output circuit 1 7b t and is temporally stored in the data output circuit 
17b. The data output circuit 17b produces an output data signal Sout from the read-out data bit, and the output data 
signal Sout is supplied through the input-and-output data pin DQ to the outside. 

25 The pipeline write-in data propagation path further includes latch circuits 1 7c and 1 7d, a data bus 1 7e and a write 
buffer circuit 17f. The latch circuits 17c and I7d are coupled in series between the data input circuit 17a and the data 
bus 1 7e, and the data bus 1 7e is coupled to the write buffer circuit 1 7f . The latch circuits 1 7c and 1 7d are responsive to 
the first timing clock signal PHI and the second timing dock signal PH2 so as to temporarily store the write-in data bit. 
The write buffer circuit 17f is coupled to the column selector I5g t and supplies the write-in data bit through the column 

30 selector 1 5g to a selected bit line pair. Although the write-in data bit latched by the latch circuit 1 7c is labeled with "WD 1 
the write-in data bit delivered from the latch circuit 17d is labeled with "WD2", and "WOS" stands for the write-in data bit 
supplied from the write buffer circuit 1 7f to the column selector 15g, 

The pipeline read-out data propagation path further includes a read buffer circuit 17g, the data bus 17e, a data 
amplifier 17h and a latch circuit I7i coupled between the column selector I5g to the data output circuit 17b, and the 

35 data bus 1 7e is shared between the pipeline write-in data propagation path and the pipeline read-out data propagation 
path. The read buffer circuit 1 7g is responsive to the third timing dock signal PH3 for storing the read-out data bit RD1 , 
and the latch drcuit 17i latches the read-out data bit in response to the first timing control signal PH1 . The read-out data 
bit delivered from the read buffer circuit 1 7g is labeled with W RD2", and the data amplifier 1 7h amplifies the read-out data 
bit RD2. The read-out data bit delivered from the latch drcuit I7i is labeled with "RQZ", and the data output circuit 17b 

40 produces the output data signal Sout from the read-out data bit RD3. The pipeline write-in data propagation path and 
the pipeline read-out data propagation path are selectively enabled by the read-write controlling circuit (not shown) of 
the controller 16. 

In a pipeline read-out operation, the first pipeline stage is from the latch circuits 5c to the latch circuits 5d. the second 
pipeline stage is from the latch circuits 5d through the read buffer circuit 7d to the latch circuit 7i, and the third pipeline 
45 stage is from the latch circuit 7i to the delivery of the output data signal Sout from the input-and-output data pin DQ. 

As described hereinbefore, signal propagation times of the first time delay t&1 and the second time delay t 2 are 
determined by taking signal propagation times along the first to third pipeline stages. In detail, if the first pipeline stage 
consumes a signal propagation time t1 , the first delay time t D l is determined to be equal to the signal propagation time 
tl as follows. 

50 

t t 0 1=t1 Equation 3 

The signal propagation time t2 in the second pipeline stage is constituted by a first signal propagation sub-time t21 from 
the latch circuits 5d to the read buffer circuit 7d and a second signal propagation sub-time t22 from the latch circuits 5d 
55 to the latch circuit 7i. The second time delay t D 2 satisfies equations 4 and 5. 

t1 + 121 = (t1 + t2)/2 + 1 D 2 Equation 4 



t22 = (t1 +t2)/2-t D 2 



Equation 5 
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amplication within the long time nte^rT^^Z^nl 5 * C ° mP ' ete the dala ^ «* ^ date 

between time tlO/113 and time t12/n 5 ts t^^^'J^^ ^nd the re.atr.ely short time int^S 

row of memory cells, respectively. electrically couples the brt l.ne pairs BL1 to BLn to the selected 

column address ^ Sgna|s 0L , V »m do* agna CLK(14>. ^ ^ ^ 

column selecro, , 5g , 0 couple „, mte buf J ,4 w^f'T" f 3 ' 858 c ' ecot3ed signals CL2 cause the 

Ouffer circuit 171 has been *«,„h-^ , T ™° ara 0u » ,7e » «• write buffer Circuit 171 The write 
= to the memory earned the L:Z~^S:: 

column address data signals CLl . The rnpj oS S a ,SSJ5 ** ***** <*»*■ produce the 

*W PH„ 1S) . and mcSS^S^SS^^T ** ^ * ™P— * *e firs, timing dock 
^"nTIf r C ^ W ^ «^urTaSet S « ^ ^ ***■ 0L ' » «» 

^»^n n S 

column .elector , 5 g ,o couple the »r«e buffer ^ rSSS dKKlM <" — • •» 
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BLn) to one of said pipeline wnte-i data propagation sub-system and said pipeline read-out data propagation sub- 
system. 



4. The semiconductor pipeline memory device as set forth in claim 3, in which said data propagation system (17; 27) 
5 further includes a plurality of sense amplifier circuits (13; 23) respectively coupled to said plurality of data propagation 

paths (BL1-3Ln). 

5. The semiconductor pipeline memory device as set forth in claim 3, in which said pipeline read-out data propagation 
sub-system includes 

m a read buffer circuit (17g) coupled to said column selector (15g) and responsive to said third timing clock 

signal (PH3; The inverse of PH12) so as to temporarily store said output data (RD1), 

a data amplifier (1 7h) coupled to said read buffer circuit (1 7g) for amplifying said output data (RD2), 
a third latch circuit (17i) coupled to said data amplifier (17h) and responsive to said first timing clock signal 
(PH1) so as to temporarily store said output data (RD2) f and 
is a data output circuit (1 7b) coupled to said third latch circuit (1 7i) and producing an output data signal (Sout) 

from said output data (RD3), 

said first latch circuits (I5e) and said column address decoder (I5d) forming said first pipeline stage, 
said second latch circuits (15f), said column selector (15g), said read buffer circuit (17g) and said data ampli- 
fier (17h) forming said second pipeline stage, 
20 said third latch circuit (17i) and said data output circuit (17b) forming said third pipeline stage. 

6. The semiconductor pipeline memory device as set forth in claim 3, in which said pipeline write-in data propagation 
sub-system has 

a data input circuit (17a) coupled to said data port (DQ) and producing said input data (WD1) from an input 
25 data signal (Sin), 

a third latch circuit (1 7c) coupled to said data input circuit (1 7a) and responsive to said first timing clock signal 
(PH1) so as to temporarily store said input data (WD1), 

a fourth latch circuit (17d) coupled to said third latch circuit (17c) and responsive to said second timing clock 
signal (PH2; PH12) so as to temporarily store said input data (WD1), and 
30 a write buffer circuit (1 7f) coupled between said fourth latch circuit (17d) and said column selector (I5g) for 

transferring said input data (WD3) to said column selector (15g). 

7. The semiconductor pipeline memory device as set forth in claim 1, in which said pipeline controlling system (16; 
26) includes 

35 a clock input circuit (16a) supplied with an external clock signal (CLK) for producing said first timing clock 

signal (PH1), and 

adelay circuit (1 6b; 26b/26g) introducing a first time delay into said first timing clock signal (PH1) for producing 
said second timing clock (PH2; PH12) signal and a second time delay into said first timing clock signal (PH1) for 
producing said third timing dock signal (PH3; the inverse of PH12). 

40 

8. The semiconductor pipeline memory device as set forth in claim 7, in which said first active level is identical with . 
said second active level and said third active level 

9. The semiconductor pipeline memory device as set forth in claim 7, in which said delay circuit (16b) includes 

45 a first delay sub-circuit (16c) introducing said first time delay into said first timing clock signal (PHI ) for pro- 

ducing said second timing clock signal (PH2), and 

a second delay sub-circuit (16d) introducing said second time delay into said first timing dock signal (PH1) 
for producing said third timing clock signal (PH3). 



so 10. The semiconductor pipeline memory device as set forth in claim 7, in which said delay circuit includes 
a first delay sub-circuit (26c) coupled to said clock input circuit (16a), 
a first inverter (26e) coupled to said dock input circuit (16a), 
a second delay sub-circuit (26d) coupled to said first inverter (26e), 

an OR gate (26f) coupled to an output node of said first delay sub-circuit (26c) and an output node of said 
55 second delay sub-circuit (26d) and producing said second timing clock signal (PH12), and 

a second inverter (26g) coupled to an output node of said OR gate (26f) for producing said third timing clock 
signal (the inverse of PH12). 
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11. The semiconductor pipeline memory device as set forth in claim 7, in which said first time delay is equal to a first 
time consumed by a signal propagation through said first pipeline stage, and said second time delay satisfies fol- 
lowing equations 

t1 +121 »(tl + t2)/2 + t D 2 
t22 = (t1 +BV2-1 D 2 

where t1 is said first time. 12 is a second time consumed by a signal propagation through said second pipeline stage, 
t21 is a third time consumed by a signal propagation from a first sub-means (1 5f) of said second temporary storage 
means responsive to said second timing clock signal (PH2; PH12) to a second sub-means (17f) of said second 
temporary storage means responsive to said third timing dock signal (PH3; the inverse of PH1 2), 1q2 is said second 
time delay and t22 is a fourth time consumed by a signal propagation from said second sub-means to said third 
temporary storage means (171) responsive to said first timing dock signal. 
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(54) Semiconductor pipeline memory device eliminating time loss due to difference between 
pipeline stages from data access 



(57) A semiconductor pipeline memory device has a 
controller (16) for producing first, second and third tim- 
ing dock signals (PH1/PH2/PH3) for transferring a col- 
umn address and a read-out data bit through first, 
second and third pipeline stages (1 5e/1 5d; 
15f/15g/17g/17h; 17i/17b) to an input-and-output pin 
(DQ), and long time interval between two of the first, 
second and third timing clock signals and short time 



interval between another two of the first, second and 
third timing dock signals are respectively assigned to 
one of the first to third pipeline stages with relatively 
long signal path and another of the i\rst to third pipeline 
stages with relatively short signal path, thereby 
decreasing undesirable time loss. 
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